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[Patent Attorney] 
(57) [Abstract] 

[Objective] While satisfactory coverage is maintained, film thi 
ckness distribution of titanium nitride thin film isimproved. 

[Constitution] In aforementioned nitrogen gas with flow ratio, 

1/8 argon gas / nitrogen gas 1/3 

It adds argon gas in range, sputter doing titanium target with stat 
ewhich maintains atmospheric pressure power in film 
formation at pressure of thel X 1 0-1 Pa or less, it designates 
that film formation it does titanium nitride thin film as feature 
onthe substrate. 

[Effect(s)] Pad characteristic of micropore is good, film thickn 
ess distribution of substrate surface is acquiredthe uniform 
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[aaim(s)] 

[Claim 1] Substrate and titanium target opposing arranging in va 
cuum atmosphere, 

Nitrogen gas is introduced into aforementioned vacuum atmosp 
here as reactive gas, 

Sputter doing aforementioned titanium target, regarding to titan 
ium nitride thin film film formation method whichthe film 
formation it does thin film of titanium nitride in 
aforementioned substrate, 

In aforementioned nitrogen gas with flow ratio, 

1/8 argon gas / nitrogen gas 1/3 

Argon gas is added in range, 

Titanium nitride thin film film formation method which design 
ates that atmosphere in film formation is maintainedat pressure 
of 1X10-1 Pa or less as feature. 
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Pescription of the Invention] 
[0001] 

[Field of Industrial Application] This invention depends on film 
formation method of titanium nitride thin film, regards 
titanium nitride thin film film formation method whichimbeds 
micropore which with especially semiconductor and production 
step of theelectronic equipment is provided on substrate with 
titanium nitride thin film 



[0002] 



[0002] 
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[Prior Art] Attendant upon trend to high integration of device 
of recent years, with semiconductorand electronic equipment 
or other production step narrowing and multilayer metallization 
conversion of design rule advanced, technology which imbeds 
metal thin film or other electrically conductive thin film 
attendant upon development ofthis kind of narrowing 
technology, vis-a-vis contact hole and through hole etc which 
havethe high aspect ratio has increased importance. 

[0003] In regard to this pad technology, From until recently, 
sputtering method and CVD method are used, theway of 
thinking that became dominant, but because with CVD method 
use gasdamaging ones are many in person, expensive gas facility 
and pollution removal firility becomenecessary, in addition also 
types of film-formable thin film is limited, therewill be a 
problem that by fact that sputtering method is improved, will 
dothe pad of micropore of high aspect ratio. 

[0004] By way, film formation due to sputtering method, oppo 
sing arranging target and substrateinside vacuum chamber, after 
making vacuum state sputter gas molecule (ion) which 
ionization isdone in target, introducing sputtering gas, under 
specified pressure applyingdoing negative voltage on 
aforementioned target side and doing to causedischarge, 
incidence doing, accumulating particle of target surface 
whichstarts hitting in aforementioned substrate, it is a 
technology which formsthe thin film. 

[0005] But with sputtering method of Prior Art, as shown in Fi 
gure 4 (a), in micropore 102 which is provided in substrate 101, 
particle 103 which starts hitting fromthe target incidence does 
from various direction. 

[0006] As a result, as shown in Figure 4 (b), from oblique directi 
on particle 103 ' whichincidence is done accumulating in 
opening vicinity of micropore 102 vis-a-vis the substrate, it 
generates overhang 104, extent is in micropore bottom 105 
H shadov^ <* effect which is not accumulated happens. As a 
result, there is a problem that line break and poor connection 
are likelyto occur with micropore bottom vicinity. 

[0007] In this kind of problem confronting, filter which long an 
d narrow hole large number is provided isarranged with target 
and substrate, Vertically sputter film formation method 
(collimate sputtering method) which just particle which 
incidence is done inthe substrate to arrive it tries is proposed vis- 
a-vis micropore which isprovided on substrate, but with this 
kind of method, from targetflying major portion of particle 
which is put out deposits in filter, film formation efficiency 
decreases. Furthermore, when making thin film it does particle 
which deposits in the filter, this thin film peels off, it becomes 
dust, when it falls onthe substrate, there was a problem that had 
not reached to fundamental solution theyield decreases. 
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[0008] Then as for applicant, it enlarges by comparison with ca 
se in thedistance between substrate and target, conventional 
sputtering method, propagation property of thesputter particle 
it improves by fact that atmospheric pressure power in and 
thefilm formation is maintained at 1 X 10-1 Pa or less, so- 
called low pressure sputter film formation method was proposed. 
According to this technology, it is something which can solve 
theabove-mentioned problem which accompanies pad of 
micropore by the conventional sputtering method furthermore 
can execute microscopic hole burying on substrateeffectively in 
occurrence or other no problems of dust. 

[0009] However, when in order film formation to do titanium 
nitride (TiN) thin film, it u ses titanium (Ti)for target on 
substrate, it uses nitrogen pas as reactive gas , it doesthe reactive 
sputtering ring with aforementioned low pressure sputter film 
formation method , pad characteristic (coverage) inside the 
micropore is satisfactory, but film thickness distribution of 
titanium nitride thin film on substrate surface wherethe 
micropore is not provided did not become uniform, titanium 
nitride thin film of this substrate surface because it is 
unnecessary unlike titanium nitride ofihe micropore inside, it is 
necessary to remove with etching etc, but becausethe 
nonuniform of film thickness distribution of substrate surface 
causes etching unevenness, just etchingwas difficult, when 
overetching it does, titanium nitride of micropore inside 
theetching such as is done, undesirable was many. 

[0010] 

[Problems to be Solved by the Invention] This invention being 
something which is created in order to improve theundesirable 
of above-mentioned Prior Art, while it maintains 
thesatisfactory pad characteristic of micropore inside, is to 
offer titanium nitride thin film film formation method where 
thefilm thickness distribution of thin film on substrate surface is 
uniform 

[0011] 

[Means to Solve the Problems] In order to solve above-mention 
ed problem, this invention, substrate andthe titanium target 
opposing arranging in vacuum atmosphere, to introduce 
nitrogen gas intothe aforementioned vacuum atmosphere as 
reactive gas, sputter doing theaforementioned titanium target 
and regarding to titanium nitride thin film film formation 
method which film formation itdoes thin film of titanium 
nitride in aforementioned substrate, in theaforementioned 
nitrogen gas with flow ratio, 
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1/8 argon gas / nitrogen gas 1/3 
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It adds argon gas in range, it designates that atmosphere in film 
formationis maintained at pressure of 1X10-1 Pa or less as 
feature. 
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[0012] 

[Work or Operations of the Invention] Opposing arranging subs 
trate and titanium target, introducing nitrogen gas intothe 
aforementioned vacuum atmosphere in every vacuum 
atmosphere as reactive gas, when thesputter it does 
aforementioned titanium target, thin film of titanium nitride 
thefilm formation is done in aforementioned substrate. 

[0013] Case of this film formation to designate pressure as press 
ure of thel X 1 0-1 Pa or less, in aforementioned nitrogen gas 
argon gas, with flow ratio, 

1/8 argon gas /nitrogen gas 1/3 

If it adds in range, while satisfactory pad characteristic is mainta 
inedthe film formation is possible titanium nitride thin film 
(TiN) which possesses uniform film thickness distribution. 

[0014] Flow ratio of argon gas and nitrogen gas at value under 1 
/8 as forthe film thickness distribution does not become good. 
On one hand, until it reaches value which exceeds 1/3 whenthe 
argon gas is added, film thickness distribution is uniform, but it 
stops showing titanium nitride thin filmpeculiar gold color, 
from insufficiency of nitrogen, intermediate color ofthe 
titanium thin film and titanium nitride thin film ( yellowing 
caught metallic color ) with becomes, Ti 1 - xNx membrane 
where titanium ismany film formation being done it 
understands. As for this Ti l- xNx membrane, characteristic is 
bad, uses as barrier membrane, it is a undesirable. 
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[0015] 

[Working Example(s)] Working Example of this invention base 
d on the drawing is explained. 

[0016] Figure 1 is referred to, 2 is low pressure sputtering appar 
atus which is used for thethis invention, it has vacuum chamber 
3. said vacuum chamber 3, has with gas inlet 4 and vacuum 
pumping oral 3 and target electrode 5 and substrate holder 7. 
unshown vacuum pump is connected by aforementioned vacuum 
pumping oral 3 , canprovide magnet plate 9 of diameter 320 
mm which possesses magnet 10 which isarranged on concentric 
of double in back surface of aforementionedtarget electrode 5, 
heater 1 1 is provided in back surface of aforementioned 
substrate holder 7. 

[0017] Titanium target 4 of diameter 300 mm is mounted in af 
orementioned target electrode 5 , as forthe aforementioned 
substrate holder 7, in order substrate 6 of diameter 6 inch 
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opposingwith aforementioned titanium target 4, for mount to 
be able to do, we areconstituted, when substrate is mounted in 
said substrate holder 7, in order for thedistance of said substrate 
and aforementioned titanium target 4 to become 140 mm, we 
are constituted. 

[001 8] In aforementioned substrate 6 , when depth designating 
diameterof a and bottom surface as e, 

A/R = a/e 

So aspect ratio A/R which is defined being provided micropore 
of 2,to be, Starting aforementioned unshown vacuum pump, 
Aforementioned vacuum chamber 3 was designated as high 
vacuum state rear, Aforementioned substrate 6 is heated with 
aforementioned heater 1 1 , sputtering gas which adds argon gas 
at ratio of flow 4 seem is introducedfrom aforementioned gas 
inlet 4 in nitrogen gas of flow 26 seem and (As for flow of 
entirety 30 seem ), untiladjusting exhaust rate, pressure 
stabilizes at value of 5.7 X 10-2 Pa, afterwaiting, it threw 
electric power of 10 kW with direct current power source 12 
which isconnected to aforementioned target electrode 5, when 
sputtering was done, thetitanium nitride thin film film 
formation was done in aforementioned substrate 6. 

[001 9] It measured in 9 point of surface where, micropore of t 
hesubstrate 6 which shows film thickness of this titanium nitride 
thin film, in Figure 2 is notprovided. As for this 9 point, when 
it is located point P 1 of substrate center (0,0)with, as for 
remaining 8 points, it is displayed with P2 (35.00,0), the P3 
(70.00,0), P4 (-35.00,0), P5 (-70.00,0), P6(0,35.O0),P7(0,70. 
00), P8(0,-35.00) and theP9(0,-70.00) with unit of coordinate 
as mm 

[0020] To measure film thickness of aforementioned Pi to P9 i 
nside substrate ofthe one, to seek maximum film thickness and 
minimum film thickness, next formula, 

(Film thickness variation) = +/- (maximum film thickness - 
minimum film thicloiess)/(maxirnum film thickness + rrrinimum 
film thickness) 

When empty film thickness distribution was calculated it was a + 
/- 6.8 %. One where this value is small as for film thickness 
distribution is satisfactory. 

[0021] In addition, substrate which measured aforementioned til 
m thickness distribution was cutoff, cross section was ground 
and titanium nitride thin film which was imbedded to 
theaforementioned micropore 15 was observed. As here, shown 
in Figure 3, film thickness d of titanium nitride thin film of 
surface ofthe aforementioned substrate 6 and film thickness c2 
of bottom surface center vicinity of theaforementioned 
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micropore 15 and 61m thickness cl of bottom surface both 
ends vicinity, to measure with thec2, next formula , 

(Average pad ratio) = (cl/d + c2/d + c3/d)/3 

So average pad ratio which is denned, aforementioned point P 1 
,when it sought from measured value in 3 points of P2 and P3, 
it was a 37%. 

[0022] Next, micropore of aspect ratio 2 is provided, film for 
mationitdid titanium nitride thin filmwhile titanium nitade 
thin film mounts substrate which film formation is not done in 
theaforementioned substrate holder 7, maintains interval ot 
titanium target at 140 mm,the flow of nitrogen gas flow of 25 
seem and argon gas with the8 seem and film formation 
pressure as 6.5 X 10-2 Pa, measured film thickness in same way, 
sought with film thickness distribution and average pad ratio. 
As Comparative Example, argon gas was not added, sputtering 
did with just the nitrogen gas and measured film thickness ot 
titanium nitride thin film which film formation is done,sougnt 
with film thickness distribution and average pad ratio. 

[0023] In addition, distance of substrate and titanium target was 
changed into thel70 mm, and 200 mm, furthermore argon 
gas flow , nitrogen gas flow , the and film formation pressure 
were changed, titanium nitride thin film film formation was 
done onanother substrate where aspect ratio has micropore of 
2 film thicknesswas measured. Measured also film thickness of 
titanium nitride thin film which film formation is done with 
justthe nitrogen gas as Comparative Example. 

[0024] Collecting with these film formation condition and film 
thickness distribution on substrate surface of titanium nitride 
thin filmwhich film formation is done and average pad ratio of 
micropore to theTable 1 under each condition, it states. 
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[Table 1] 
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#X 8ft ilt (seem) 


(E-2Pa) 


(«) 


*»(« 


(nro) 


(nm/min) 








1 4 0 
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3 0 


5 . 7 


±12. 3 


3 5 


4 2 5 


8 1. 7 




4 


2 6 


5 . 8 


± 6.8 


3 7 


3 8 4 


7 4. 0 




R 

o 




6. 5 


± 7.1 


3 6 


3 7 6 


7 0. 0 




1 7 0 
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3 0 


5. 7 


± 9.0 


4 1 


3 2 3 


6 3. 3 
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2 6 


5. 8 


± 5. 0 


3 9 


3 0 0 


5 8.9 




2 0 0 
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3 0 


5. 7 


± 6.4 


4 7 


3 17 


4 1.0 
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2 4 


4. 9 


± 6. 2 


4 8 


3 0 6 


3 8.0 
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2 6 
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2 6 
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± 3.8 


4 8 


2 9 4 


3 7. 0 
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4 8 


2 9 4 
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[0026] As understood from aforementioned Table 1 , when dista 
nee of the substrate and titanium target is large, film thickness 
distribution is small, as for average padratio it understands that it 
becomes large. 

[0027] But when pays attention to distance between substrate a 
nd titanium target, when this distance it is enlarged, film-forming 
rate of micropore bottom part decreased,according to 
experiment, always film-forming rate of micropore bottom part 
becomes largewith did not limit even with when on one hand, it 
makes short. Therefore, with distance as parameter, when film- 
forming rate of micropore bottom part isdisplayed, inside 
distance of fixed range, a certain maximum value exists. This 
maximum value and distance which gives maximum value, it 
has an influence onthe aspect ratio and sputter pressure etc. 

[0028] However, it is not necessary to do sputter with distance 
whichalways gives maximum value. That it depends on 
conventional sputtering method, in order for film-forming rate 
(36 nm/min) of same extent toobtain, it is verified distance 
between substrate and titanium target, fromapproximately 1 00 
mm should have put in range of approximately 300 mmthing 
by experiment. 

[0029] In this case, from experimental result of Table 1, it und 
erstands that it isdesirable for distance of substrate and target to 
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make 140 mm or greater. 
[0030] 

[Effects of the Invention] According to this invention, pad cha 
racteristic inside micropore beingsarisfactory, be able to acquire 
titanium nitride thin film where film thickness distribution of 
the substrate surface is satisfactory, because micropore of high 
aspect ratio can be imbeddedefl5ciently, yield rate improves. 
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(a) Cb) 
103 103 




[Brief Explanation of the Drawing(s)] 

[Figure 1] Is used for this invention one example of low pressu 
re sputtering apparatus which 

[Figure 2] Measurement point of film thickness of titanium nit 
ride thin film 

[Figure 3] Sectional view of micropore 

[Figure4] (A) Thin film shows Figure (b) shado^C effect 
which shows state whichthe film formation is done with 
conventional sputtering method figure 

[Explanation of Reference Signs in Drawings] 

4 titanium target 6 substrate 

[Figure 4] 
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